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Growth of chronic obstructive pulmonary disease (cOpD) incidence and the resulting death rate largely depend on the increasing significance of risk factors, one of which is smoking. According to the World Health Organization, 22% of the world adult population smoke and there is 39.1% of smokers in Russia. Smoking causes 6 million deaths annually [1] .
The damaging mechanisms of tobacco smoke are various. Bone-marrow hemopoiesis stimulation is especially important among them, as it leads to increasing number of immature neutrophils in both systemic circulation and pulmonary vessels, and neutrophil infiltration of lungs in smokers is a well-known phenomenon [2] .
Intercellular adhesion molecules, IcAM-1 and IcAM-3, expressed on leukocytes, epithelial, quiescent endothelial and other cells play a central role in the initial implementation of neutrophil migration to the inflammation focus [3] . Inflammatory mediators, oxidative stress and other factors stimulate expression of adhesion molecules.
Soluble adhesion molecules (s-forms) resulting from proteolytic shedding or alternative DNA splicing are functionally active along with the membrane forms of adhesion molecules. In pathological conditions not only the expression of membrane IcAM-1 and IcAM-3 is impaired but the content of their soluble forms in biological fluids as well [4] . In cOpD soluble IcAM-1 is also considered to be one of the disease biomarkers. However, smoking status is often disregarded in research works despite the significance of this factor in cOpD pathogenesis. The given factor causes the necessity of evaluation of sIcAM-1 significance with regard to tobacco smoke impact on the level of adhesion molecules.
The aim of the investigation was to study the alterations in the serum level of soluble intercellular adhesion molecules under the influence of smoking and to assess the role of the revealed impairment in the formation and development of chronic obstructive pulmonary disease.
Materials and Methods. The study was performed on the basis of city clinical Hospital No.10, Nizhny Novgorod. It included 82 smokers (24 women and 58 men aged 19 to 72 years) and 52 healthy non-smoking donors (17 women and 35 men aged 20 to 57 years). The study was carried out in accordance with Declaration of Helsinki (adopted in June 1964 (Helsinki, Finland) and revised in October 2000 (Edinburgh, Scotland)) and was performed following approval by the Ethics committee of city clinical Hospital No.10. Informed consent was received from every patient.
Smokers were divided as follows: group 1: smokers with normal lung function (32 patients, modified Tiffeneau index 0.7); group 2: smokers with airflow limitation (17 cOpD patients, modified Tiffeneau index <0.7, smoking index of <30 pack-years); group 3: smokers having airflow limitation (33 cOpD patients with modified Tiffeneau index <0.7, smoking index of 30 pack-years). Thirty cOpD patients had spirometric GOLD stage II, 20 patients had GOLD stage III, all of them were reported to have stable stage of the disease. The study included no patients who had acute exacerbation of cOpD and received systemic glucocorticoids (Gc) or antibiotics in the last 6 weeks as well as those who suffered acute respiratory infections with antibacterial therapy in the last 4 weeks prior to the study. Besides, exclusion criteria comprised bronchial asthma, tuberculosis, bronchiectatic disease and other respiratory diseases; any malignant disorders, connective tissue diseases, decompensated diseases of heart, liver, kidneys, acute coronary syndrome, acute respiratory viral infections and other conditions that could affect the study results.
cOpD patients received therapy according to the standards of delivering medical care to adult population. All cOpD patients in stable condition received longand short -acting bronchodilators, 32% of patients inhaled steroid Gc; systemic Gc, antibiotics, mucolytics and other preparations were instituted on therapeutic grounds in the exacerbation phase.
All smokers and non-smoking donors along with clinical examination underwent pulmonary function test (pFT) using MicroLab spirograph (Micro Medical, England) . We assessed the following postbronchodilator indexes: forced expiratory volume per 1 s (FEV1), modified Tiffeneau index (FEV1/forced vital capacity (FVc) ratio), maximum expiratory flow (MEF50 and MEF75).
Smoking index was calculated in smokers (packyears). cOpD patients completed cAT test [5] . We assessed dyspnea intensity with a modified questionnaire of the British Medical Research council (mMRc) [5] as well as the number of exacerbations in the last 12 months. Also performed were chest radiography, microscopic and microbiological examination of sputum.
The serum level of soluble intercellular adhesion antigens scD50 total (sIcAM-3), scD54 total and oligomer (sIcAM-1) were determined in all smokers and non-smoking donors by enzyme immunoassay with monoclonal antibodies of IcO series against cD50, cD54 and polyclonal antibodies against mononuclear cell antigens of human peripheral blood. The study of serum antigens was carried out in the Institute of Molecular Biology and Biomedicine, Lobachevsky State university of Nizhni Novgorod.
The obtained results are presented as mean value and standard deviation (М±SD) with normal distribution or as a median and percentiles (Me [25р; 75р] ) when deviation differs from normal. Statistical analysis was performed using pirson criterion, Student's t-test, Mann-Whitney utest, Spearman's rank-correlation coefficient. The results were mathematically processed with statistical software package Statistica 6.0.
Results Clinical profile of smokers with normal and impaired external respiration function. Since nociinfluence of smoking has a cumulative character, in the group of smokers with normal pFT the average age and smoking index appeared to be less than in those having airflow limitation (Table 1 ). In group 1 smoking index was (Table 2 ). In smokers with smoking index of 30 pack-years more exacerbations have been reported during the previous year, including moderate and severe cases requiring systemic Gc therapy and/or hospitalization. They received antibacterial preparations to treat exacerbations more often.
The patients of group 3 were found to have higher dyspnea values and total cAT test score at the time of examination, more frequent radiologic abnormalities in the lungs (in 45% of patients from group 2 and 78% from group 3; р=0.02).
pFT indexes also differed in the groups of smokers with cOpD (Table 3 ). The patients with a longer smoking term were found to have lower FEV1 and MEF50 values as compared to the group of cOpD patients with smoking index of <30 pack-years. Significant purulence and bacterial load was characteristic of these patients' sputum (Table 4) . Thus, high smoking intensity correlated with less favorable disease progression, frequent recurrences, marked pFT abnormalities. The serum level of soluble intercellular adhesion molecules in smokers. The study of soluble intercellular adhesion molecules serum level in smokers with normal lung function revealed statistically significant elevation of scD50 and scD54 antigens, total and oligomer, compared to non-smoking donors (Table 5) .
The level of soluble intercellular adhesion molecules in smokers, cOpD patients, differed depending on the extent of tobacco exposure. In the patients of group 2 (with smoking index of less than 30 pack-years) total scD54 antigen level was statistically significantly higher, yet scD54 dimer and scD50 antigen levels were the same as in non-smoking donors. At the same time, the serum concentrations of scD54 antigens, total and oligomer, and scD50 were statistically significantly lower in patients with tobacco exposure of more than 30 pack-years in contrast to both non-smoking donors and smokers from group 2. Decrease in soluble intercellular adhesion molecules by more than 1 standard deviation (1SD) as compared to donors was reported in 64% of patients in group 3. Correlation between the level of soluble intercellular adhesion molecules, smoking index and pulmonary function test. There was revealed a correlation between scD50 serum level and smoking intensity (R=-0.43; p=0.04). There was also found a correlation between total scD54 antigen level and pFT indexes in smoking cOpD patients: FEV1 (R=0.6; p=0.02), MEF50 (R=0.56; p=0.04) and MEF75 (R=0.64; p=0.03); their cAT test index correlated with FVc (R=0.35; p=0.02).
The obtained results prove the influence of intensive long-term tobacco exposure on the immune response and the level of intercellular adhesion molecules in particular. In its turn, the imbalance in adhesion molecule networks is associated with bronchial patency impairment.
Discussion. pathogenic connection of cOpD and smoking has been well studied. Smokers with cOpD have been previously shown [6, 7] to have alterations in a wide range of soluble differentiating leucocyte molecules, including adhesion molecules. participation of smokinginduced adhesion impairments in cOpD pathogenesis has been actively discussed in the literature. According to a number of authors, smoking affects both expression of adhesion molecules by leukocytes, endothelial and epithelial lung cells [8, 9] and release of the soluble variants [10] . Other sources argue that dysregulation in the system of adhesion molecules is characteristic of cOpD itself regardless of smoking status [11] .
According to our data, smoking has a profound influence on the level of soluble adhesion molecules. The smokers with normal lung function under the study were found to have high level of sIcAM-1 and sIcAM-3 antigens in comparison with non-smoking healthy subjects. This is consistent with the findings of most authors who also show elevation of sIcAM-1 level in biological fluids due to cumulative effect of smoking [10] , including passive smoking. In cOpD patients with smoking index of no more than 30 pack-years elevation of total sIcAM-1 antigen was revealed as well. High serum level of soluble adhesion molecules in smokers with both normal and impaired lung function as well as a correlation between smoking intensity and sIcAM-3 concentration provide evidence that smoking-induced alterations in adhesion molecule networks participate in cOpD inflammation pathogenesis.
Smoking is known to enhance IcAM-1/β2-integrindependent recruitment of inflammation cells to the lungs [12, 13] . Neutrophil infiltration of the lungs, typical of smokers, is also an inflammation substrate in cOpD. participation of cellular adhesion molecules in inflammation development is the subject of intensive research nowadays [14] . IcAM-1 is known to provide cellular interaction stability, endothelial transmigration of leukocytes and T-lymphocytes [15, 16] . Recently IcAM-1 has been described as a receptor for cellular intrusion of human rhinovirus [17] , which is known to be a frequent cause of cOpD exacerbation. Adhesion molecules interfere with different immune and inflammatory processes [18] . The role of IcAM-1 in transmitting signals has also been discussed [14] . It has been shown that IcAM-1 gene expression is elevated in cOpD patients [19] , and IcAM-1 pulmonary expression blockage reduces pulmonary injury in induced pancreatitis [20] .
Soluble adhesion molecules exert their biological influence either by competitive inhibition of cellular interaction, or by adhesion to the appropriate cell surface ligand to initiate response, they also have immunomodulatory properties relating to basic pathological processes. Thus, various effects of both membrane and sIcAM-1 promote development of smoking-induced pathology, including cOpD, malignant, cardiovascular and other diseases [21] .
A great number of researchers report the elevated sIcAM-1 concentration to be related to cardiovascular pathology and the risk of vascular catastrophes [22, 23] . Besides, high level of sIcAM-1 has been reported in patients with lung cancer and other proliferative diseases [24, 25] . In general population sIcAM-1 dynamic concentration growth is a marker of progressing pulmonary emphysema and declining pulmonary function [26] , and in pneumonoconiosis patients the serum level of IcAM-1 is considered to be a biomarker of massive pulmonary fibrosis [27] . Other authors' findings confirm that in progressing cOpD apart from decrease in the relative number of cD54 + and cD50 + mononuclear cells in the peripheral blood and induced sputum the level of scD54 and scD50 antigens elevates, which correlates with growing bronchial obstruction [7] .
In the presence of cOpD various factors may affect the concentration of soluble adhesion molecules. While in smokers with normal pFT sIcAM-1 level was elevated, in cOpD patients with increasing tobacco exposure we observed decrease in the level of soluble adhesion molecules. Marked decrease in adhesion molecule concentration correlated with a more severe cOpD course (considering dyspnea index, cAT test and the degree of pulmonary function impairment), as well as more frequent exacerbations, both moderate and severe, requiring antibiotics and systemic Gc, or hospitalization.
pharmacotherapy, in its turn, may influence the level of soluble adhesion molecules. So, macrolide antibiotics frequently used to treat respiratory infections have been proved to inhibit IcAM-1 production and block the release of sIcAM-1 by bronchial epithelium, which is seen as an immunomodulatory effect of macrolides that promotes neutrophilous inflammation resolution [28] . Accordingly, in a number of patients of group 3 low sIcAM level can be attributed to frequent courses of antibacterial therapy. However, there are insufficient data in the literature showing the effect of other antibacterial preparations, indicated in cOpD exacerbation, on adhesion molecule balance. Moreover, the patients receiving antibiotics during the previous four weeks were not included in this study.
Another factor possibly affecting adhesion molecule levels is corticosteroid therapy. Gc are known to suppress the transcription of adhesion molecule genes. Lower IcAM-1 expression is a mechanism of antiinflammatory effect of Gc and leads to the reduction of cell migration to the inflammation focus [29] . The studied patients of group 3 with markedly low level of soluble adhesion molecules received repeated short courses of systemic Gc for exacerbation treatment 5 times more often in the previous year compared to the patients of group 2 whose scD54 and scD50 levels were normal or elevated. We have already underlined the decrease in soluble adhesion molecule levels while treating cOpD exacerbations with systemic Gc and antibiotics [30] . To level these effects our study included stable cOpD patients receiving no systemic Gc over the previous six weeks.
On the other hand, many patients were treated with combined preparations, including inhalant Gc. In some cases topical hormones can influence induced cellular adhesion molecule expression in the inflammation focus as well [31] . However, systemic effects of topical hormones are expressed insignificantly [32] . In our study the frequency of inhalant Gc administration was not significantly different in cOpD patients of group 2 and 3 having differences in soluble adhesion molecule levels. Besides, the problem of inhalant Gc impact on the serum level of soluble leukocyte differentiation molecules requires separate study.
Additionally, when evaluating the investigation results in smoking cOpD patients, it is necessary to take into account such well-known clinical phenomenon as steroid-resistance, which shows itself on the cell level (in vitro investigations) by the absence of adequate alveolar macrophage response of cOpD patients to corticosteroid hormones. In cOpD even peroral Gc insufficiently inhibit neutrophilous inflammation, cytokine release in the airways and inflammation mediator gene expression (including adhesion molecules), which they silence in normal conditions. Resistance to normal Gc effect in cOpD (in contrast to bronchial asthma) is caused by inhibiting influence of tobacco smoking and oxidative stress on histone deacetylase (HDAc) playing an essential role in gene expression regulation [33] . Experimental data show that histone acetylation/ deacetylation enzymes themselves play a significant role in regulation of inflammatory molecules, including .
Other preparations widely used for cOpD treatment (β-agonists, tiotropium, ambroxol) can reduce adhesion molecule expression as well [35] [36] [37] , but there were no differences between groups of cOpD patients as to the frequency of using these preparations.
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Therapeutic effects cannot be responsible for the imbalance in adhesion molecule networks in all studied subjects. We have to look for other mechanisms responsible for the decrease of soluble adhesion molecule level apart from Gc and antibiotic effects. In this connection, the role of immune mechanism exhaustion and cellular interaction impairment under the influence of oxidative stress and chronic respiratory inflammation should not be disregarded. Thus, low level of adhesion molecules in some cOpD patients can be a consequence of pharmacotherapy (corticosteroid, antibacterial) and a property of the disease associated with long-term smoking.
It can be suggested that decreased serum concentration of soluble adhesion molecules results from compromised shedding and consequently impaired expression of membrane forms, which leads to the limitation of cell migration. cell migration impairment can have different consequences for the patient. On the one hand, compromised migration is a way of causing extremely destructive effect of neutrophils on the lung tissue. On the other hand, suppression of active leukocyte migration to the inflammation focus makes effective management of inflammation agent complicated. This has been confirmed by experimental data obtained on a mice model of cOpD/elastase-induced pulmonary emphysema [38] . Epithelial IcAM-1 membrane expression was found to be significantly reduced in these mice, which was accompanied by pulmonary clearance impairment of Haemophilus influenza, one of the most frequent bacterial cOpD agents. This confirms the hypothesis of IcAM-1 promoting bacterial agent clearance and may account for high bacterial load of bronchial mucous in our patients having low concentration of soluble adhesion molecules.
consistently, this category of patients is characterized by more frequent disease recurrences, the reason of which is bacterial infection in 50-60% of cases [39] . Intense therapy in the exacerbation period, for example, antibiotics and systemic Gc administration, promotes intercellular adhesion impairment in cOpD patients closing the "vicious" circle.
Thus, smoking causes essential impairment in the system of soluble adhesion molecules participating in the development of an inflammatory process in the respiratory tract. In smokers with normal lung function and average smoking index of 11.2±4.3 pack-years the serum level of soluble adhesion molecules scD50 and scD54 (total and oligomer) is elevated, which may reflect the stimulating effect of tobacco smoke on the process of cell migration to the inflammation focus. In smokers suffering from cOpD the serum level of soluble adhesion molecules decreases compared to beginning smokers, which may speak of immune mechanism exhaustion and cellular interaction impairment.
The extent of tobacco exposure correlates with the intensity of decrease in the level of circulating scD50 in cOpD. The lowest serum level of soluble intercellular adhesion molecules (scD54, scD50) is characteristic of patients with a smoking index of >30 pack-years and is associated with more marked airflow limitation, more severe cOpD progression, a tendency to more frequent exacerbations, including administration of systemic Gc and antibiotics.
Conclusion. Smoking-induced alterations to the network of soluble intercellular adhesion molecules are involved in the formation and progression of chronic inflammation and obstructive disorders in cOpD. Low level of soluble intercellular adhesion molecules is a marker of severe cOpD progression with frequent exacerbations.
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